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control signal, and a character monitor for monitoring the
operation behavior of the second circuit to control the
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signal accordingly.
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S610
R

Analyzing a combinational logic circuit to find a circuit
of a critical-path in the combinational logic circuit

S620 l

~
Performing a characterization process for the circuit of
the critical-path to select a portion of the logic units in

the circuit of the critical-path to derive a corresponding
circuit of the characterized-path

FIG.6A
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S610

Selecting a portion of logic units from the plurality of
logic units of the circuit of the critical-path to derive a
first characterized circuit according to a selection rule

S623 l
H

Performing a timing check process for the first
characterized circuit

S625 l
M~
Performing a unit delay correction process for each logic

unit in the first characterized circuit to derive a second
characterized circuit

S627 i
.

Performing the timing check process for the second
characterized circuit

5629 l
H

Performing a path delay correction process for the
second characterized circuit to derive the circuit of the
characterized-path

S621
.

FIG.6B
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( 5623 )

Y

4

Determining
whether the unit delay of
the logic unit is greater than
a target delay?

Greater

56252 56253
< -

Y

Performing a unit delay
prolonging process for
the logic unit

|
$6254

h 4

Performing a unit delay
shortening process for
the logic unit

Determining whether
the logic unit is the last
logic unit of the first
characterized circuit?

S6255 56256

Determining
whether the adjusted
first characterized
circuit passes the
timing check
process?

Determining
whether a
repeating counter
is equal to an
upper limit?

56257
H

Taking the adjusted first
characterized circuit as the <
second characterized circuit

/
( S627 )

FIG.6D
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Comparing
the propagation
Less

S6292 preset propagation

M Y
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characterized circuit with a
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Greater

S6296
y ~

Selecting a logic
unit from the

backup unit store

Removing one logic
unit from the second
characterized circuit

S6293
—

l

56297
y ~

Adding the selected
logic unit to the end
of the second
characterized circuit

Adjusting the unit delay
of each logic unit
adjacent to the removed
logic unit in the second
characterized circuit

S6294
R

'

Adjusting the unit delay
of the added logic unit

56295
Determining

whether the
propagation delay of the
adjusted second characterized
circuit passes the
timing check
process?

propagation delay of the
adjusted second characterized

S6298
Determining

whether the

circuit passes the
timing check
process?

Taking the adjusted
second characterized
circuit as the circuitry

of the
characterized-path

FIG.6E
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1
DYNAMICALLY ADJUSTABLE CIRCUIT
WITH CIRCUIT OF
CHARACTERIZED-PATH AND METHOD
FOR GENERATING CIRCUIT OF
CHARACTERIZED-PATH

CROSS REFERENCE

The present application is based on, and claims priority
from, Taiwan Application Serial Number 102148864, filed
on Dec. 27, 2013, the disclosure of which is hereby incor-
porated by reference herein in its entirety.

TECHNICAL FIELD

The present disclosure generally relates to a digital circuit
and more particularly to a dynamically adjustable circuit
with a circuit of the characterized-path and a method for
generating the circuit of the characterized-path.

BACKGROUND

It is needed to improve the power efficiency of the
integrated circuit. The low voltage integrated circuit con-
sumes less power, but comes with slower operation speed
that limits the operation frequency of the low voltage
integrated circuit. As a consequence, how to achieve low
power consumption and keep operation frequency of the low
voltage integrated circuit is a problem to be solved.

SUMMARY

In one or more exemplary embodiments of this disclosure,
an integrated circuit comprises a first circuit, with a first
character and at least one external control signal, and a
character control unit. The character control unit controls the
at least one external control signal and has a second circuit,
with a second character essentially proportional to the first
character, a character adjuster for adjusting the at least one
external control signal, and a character monitor for moni-
toring the operation behavior of the second circuit to control
the character adjuster to adjust the at least one external
control signal accordingly.

In one or more exemplary embodiments of this disclosure,
a method for generating a characterized-path may comprise:
providing a first circuit, analyzing a first character associated
with the first circuit, and generating a second circuit with a
second character essentially proportional to the first charac-
ter.

In one or more exemplary embodiments of this disclosure,
a method for dynamically adjusting the character of an
integrated circuit comprises: providing a first circuit with a
first character, providing a second circuit with a second
character essentially proportional to the first character, and
within a clock period of the first circuit, monitoring an
operation behavior of the second circuit and adjusting at
least one external control signal of the first circuit based on
the operation behavior.

In order to make the aforementioned and other features of
the present disclosure more comprehensible, several
embodiments accompanied with figures are described in
detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more fully understood
from the detailed description given herein below for illus-
tration only, and thus are not limitative of the present
disclosure, and wherein:
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2

FIG. 1 is a functional block diagram of the dynamically
adjustable circuit in accordance with one embodiment of this
disclosure;

FIG. 2A is a schematic of the circuit of critical-path in
accordance with one embodiment of this disclosure;

FIG. 2B is a schematic of the circuit of characterized-path
corresponding to the circuit of critical-path in FIG. 2A in
accordance with one embodiment of this disclosure;

FIG. 3A is the timing diagram for a plurality of signals
when the original output signal meets the timing require-
ment;

FIG. 3B is the timing diagram for a plurality of signals
when the original output signal is predicted to fail to meet
the timing requirement;

FIG. 4A is a schematic of a dynamically voltage adjust-
able logic circuit in accordance with one embodiment of this
disclosure;

FIG. 4B is a schematic of a dynamically voltage adjust-
able logic circuit in accordance with one embodiment of this
disclosure;

FIG. 5A is a functional block diagram of the character
monitor in accordance with one embodiment of this disclo-
sure;

FIG. 5B is a functional block diagram of the character
monitor in accordance with another embodiment of this
disclosure;

FIG. 6A is a flowchart of the method for generating the
circuit of the characterized-path in accordance with one
embodiment of this disclosure;

FIG. 6B is a flowchart of the step S620 in accordance with
one embodiment of this disclosure;

FIG. 6C is a flowchart of the step S621 in accordance with
one embodiment of this disclosure;

FIG. 6D is a flowchart of the step S625 in accordance with
one embodiment of this disclosure;

FIG. 6E is a flowchart of the step S629 in accordance with
one embodiment of this disclosure; and

FIG. 7 is a flowchart of the control method of the
dynamically adjustable circuit in accordance with one
embodiment of this disclosure.

DETAILED DESCRIPTION

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawings.

In one or more exemplary embodiment of this disclosure,
a dynamically adjustable circuit is disclosed. In the dis-
closed dynamically adjustable circuit, a circuit of the char-
acterized-path is used to represent whether the circuit of the
critical-path meets functional requirements or not.

When the output of the circuit of the characterized-path
indicates that the first character is going to fail to meet the
functional requirement, the supply voltage of the original
critical path is increased so that the first character is
improved or the path delay of the original critical path is
reduced. In certain embodiments, the body bias voltage of
the n-type metal-oxide semiconductor field effect transistor
(MOSFET) may be increased, and/or the body bias voltage
of the p-type MOSFET may be decreased so that the timing
metrics of the original output signal of the combinational
logic circuit and/or the first characteristic may meet the



US 9,455,708 B2

3

requirement of the circuit. In the disclosure, a method for
generating the circuit of the characterized-path is disclosed.
The supply voltage and the body bias voltage may be
represented as a first voltage in this disclosure. In yet another
embodiment, the voltage of the source terminal of the p-type
MOSFET may be adjusted so that the timing metrics of the
original output signal of the combinational logic circuit
and/or the first character may meet the requirement of the
circuit.

Please refer to FIG. 1, which is a block diagram of an
exemplary system, with dynamic character control, that may
reduces power consumption by dynamically character con-
trol in accordance with one embodiment of this disclosure.
As shown in FIG. 1, the exemplary system 1 may comprise
circuits for designed functions that have at least one circuit
of the critical-path 11. In the lower part of the FIG. 1, the
exemplary system 1 may comprise a character control unit
12 that includes a circuit of characterized-path 13, a char-
acter monitor 15, and a character adjuster 17.

The character adjuster 17 has outputs coupled to the
circuit of the selected path, which is also called the circuit
of the critical-path 11, and inputs coupled to the character
monitor 15. Besides, a plurality of supply voltages
VDD1~VDD3 and/or a plurality of body reference voltages
VBR1~VBR3 are coupled to the character adjuster 17.
Based on the input from the character monitor 15, the
character adjuster 17 selects one supply voltage and one
body reference as output coupled to the selected path. In this
embodiment, the supply voltages VDD1~VDD3 and/or the
body reference voltages VBR1~VBR3 are also called the
external control signals of the circuit of the critical-path 11
for their usage of tuning the character of the circuit of the
critical-path 11.

Although the embodiment disclosed in this disclosure
comprises one circuit of the critical-path 11 and one circuit
of the characterized-path 13, the embodiment is not to limit
the scope of this disclosure. Any applications utilizing the
concept of the circuit of the characterized-path of this
disclosure fall in the claimed scope according to the claim of
this disclosure.

Each of the circuit of the critical-path 11 and the non-
critical path circuits in the exemplary system 1 is configured
to generate an output signal according to an input signal.
Specifically, the circuit generates one or more output signals
according to at least one input signal, wherein there is a
selected path may comprise a plurality of logic gates.
Accordingly, the exemplary system 1 comprises a plurality
of'logic paths, and at least one logic path among the plurality
of'logic paths has a path delay greater than a delay threshold.
Each of such logic paths is a circuit of the critical-path 11.

In this embodiment, the circuit of the critical-path 11 may
have one or more logic gates, and there may be one or more
first type MOSFET in each logic gates.

In another embodiment, power dissipation of all the logic
gates of a logic path is greater/smaller than a power thresh-
old may be treated as the selected (critical) path. Yet in
another embodiment, all logic gates of a logic path with a
noise margin less than a noise margin threshold may be
treated as the selected path.

The circuit of the characterized-path 13 and the circuit of
the critical-path 11 have at least one character in common or
similar, so the characterized-path may be applied to generate
a character output to indicate the performance of the selected
path.

In one embodiment, the circuit of the characterized-path
13 has character similar to the circuit of the critical-path 11,
and the path delay of the circuit of the characterized-path 13
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4

is less than the path delay of the circuit of the critical-path
11. Hence, the circuit of the characterized-path 13 may be
applied to indicate whether the operation of the circuit of the
critical-path 11 meets the circuit requirement.

In another embodiment, the circuit of the characterized-
path 13 may has at least one logic gate that is used in the
circuit of the critical-path 11, so the circuit of the charac-
terized-path 13 may be used to determine whether the noise
margin of the circuit of the critical-path 11 is large enough.

The requirement of the exemplary system 1 about the
original path delay and/or the noise margin of the circuit of
the critical-path 11 may be called as the circuit requirement.

Briefly speaking, the circuit of the characterized-path 13
may be used for simulating the path delay, power consump-
tion, power efficiency, logic complexity, and/or the noise
margin of the circuit of the critical-path 11.

To illustrate the operation of the circuit of the character-
ized-path 13, take the path delay as an example. In one
example, please refer to FIG. 2A and FIG. 2B, wherein FIG.
2A is a schematic of the circuit of the critical-path 11 in
accordance with one embodiment of this disclosure and FIG.
2B is a schematic of the circuit of the characterized-path 13
corresponding to the circuit of the critical-path 11 in FIG. 2A
in accordance with one embodiment of this disclosure. As
shown in FIG. 2A, the circuit of the critical-path 11 has one
NOT-gate, six NOR-gates, seven NAND-gates, two OR-
AND-Invert gates (OAl-gate), one XNOR-gate, and six full
adders (FA). The floating input ends of the said logic units
indicate the input signal from other logic units (not illus-
trated).

As shown in FIG. 2B, the circuit of the characterized-path
13 may have three NOR-gates, three NAND-gates, one
OAl-gate, one XNOR-gate, three full adders, and a logic
providing circuit 131. The logic providing circuit 131 pro-
vides a predetermined logic level to at least one input end of
each logic unit among the circuit of the characterized-path
13, and the predetermined logic level for one input end
among the circuit of the characterized-path 13 may be
different from the predetermined logic level for another
input end among the circuit of the characterized-path 13.
Meanwhile, the gate delay of each logic unit in FIG. 2B is
moderately adjusted so that the path delay of the circuit of
the characterized-path 13 in FIG. 2B is half of the path delay
of the circuit of the critical-path 11 in FIG. 2A.

For example, if the path delay of the circuit of the
critical—path 11 is shorter than one cycle of the clock
signal, the path delay of the circuit of the characterized-path
13 should be shorter than half of one cycle of the clock
signal. As a consequence, if the output of the circuit of the
characterized-path 13 cannot be settled before the present
negative edge of the clock signal, it represents that the
output of the circuit of the critical path 11, which is a
positive edge triggered logic circuit, cannot be settled before
the next positive edge of the clock signal.

If the output of the characterized-path fails to be settled
before a negative edge of the clock signal, the character
adjuster adjusts the first voltage supplied to the circuit of the
critical-path 11 so as to shorten the path delay of the circuit
of the critical-path 11 to avoid error. After such adjustment,
the output the selected path should be settled before the next
positive edge of the clock signal.

In this embodiment, the path delay of the circuit of the
characterized-path 13 is half of the path delay of the circuit
of the critical-path 11. The path delay of the circuit of the
characterized-path can be designed longer or shorter but not
only limited in half path delay of critical path.
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In one embodiment, the character monitor generates the
control signal based on the operating behavior of the circuit
of the characterized-path 13. Please refer to FIG. 3A and
FIG. 3B, wherein FIG. 3A is the exemplary timing diagram
that shows the normal case of the dynamic character-
adjusting. FIG. 3B is the exemplary timing diagram that
shows the output of selected path is going to fail the timing
requirement and is corrected by increasing supply voltage.
As shown in FIG. 3 A, the clock signal rises at the time point
t, (a positive edge of the clock signal), the critical path starts
to operate and to generate the corresponding output accord-
ing to the input. Meanwhile, the characterized-path starts to
operate at t;.

In the present embodiment, as shown in FIG. 3A, for a
general operation, the output of the circuit of the critical-
path 11, which is original output signal, is stable before the
next clock positive edge, and the output of the circuit of the
characterized-path 13, which is characterized output signal,
is ready before the negative edge. The character monitor 15
checks the output of the circuit of the characterized-path 13
at the clock negative edge t, and predict the original output
of the selected path meets the timing requirement. In this
condition, the character monitor 15 does not trigger the
character adjuster 17 to change the supply voltage of the
circuit of the critical-path 11.

As shown in FIG. 3B, the characterized output signal is
not settled before the negative edge of the clock signal (the
time point t,), and character monitor 15 detects output at t,
and finds that the selected path (critical-path) is going to fail
the timing requirement. That is, if the condition of the circuit
of the critical-path 11 remains the same, the original output
signal maybe not ready before the next positive edge of the
clock signal.

Accordingly, the character monitor 15 controls the char-
acter adjuster 17 to increase the supply voltage of the critical
path to speedup the path delay to avoid error occurs on
selected path. The character monitor 15 controls the char-
acter adjuster 17 to setting the supply voltage of the circuit
of the critical-path 11 to a default value in the next cycle of
the clock.

FIG. 4A is an exemplary circuit for the supply voltage
switch in accordance with one embodiment of this disclo-
sure. As shown in FIG. 4A, the supply voltage of the
NAND-gate may be switched between a low voltage supply
Vppor and a high voltage supply Vo by the two PMOS
switches. In one embodiment, the low supply voltage V,,;,
the high supply voltage V., and the switches are part of
the character adjuster 17. The character adjuster 17 controls
the switches of the exemplary NAND-gate according to the
control signal from the character monitor 15. The gate delay
of the NAND-gate at the V,,, is faster than the unit delay
of the NAND-gate at V ;. Hence, the gate delay of the
NAND-gate may be adjusted by changing the supply volt-
age.

In another embodiment, the low voltage supply V,,, and
high voltage supply V,, are supplied by the character
adjuster 17, but the switches are attached on the logic gates
of the circuit of the critical-path 11. In other words, the low
voltage supply Vp; and the high voltage supply V,; are
two voltages among the plurality of supply voltages
VDD1~VDD3.

In another embodiment, please refer to FIG. 4B, which is
a schematic of a dynamically voltage adjustable logic circuit
in accordance with one embodiment of this disclosure. As
shown in FIG. 4B, the body terminal (the reference voltage)
of the n-type MOSFET of the NAND-gate is selectively
connected to the low voltage supply V, or the high voltage
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supply V. It is known according to the body effect that the
threshold voltage V,, of the n-type MOSFET is inversely
correlated to the voltage of the body terminal of the n-type
MOSFET. As such, the threshold voltage V,, of the n-type
MOSFET is decreased when the voltage of the body termi-
nal of the n-type MOSFET of the NAND-gate is increased,
and accordingly the driving ability of the NAND-gate is
increased and the unit delay of the NAND-gate is so
reduced. According to the embodiment, the voltage of the
body terminal can be treated as the aforementioned first
voltage, and the path delay of the NAND-gate, the unit
delay, can be adjusted by adjusting the first voltage.
Although it is mentioned that the first voltage may be
switched between two voltage values, it is possible that the
first voltage may be switched between more than two
different voltage values.

In one embodiment, please refer to FIG. 5A and FIG. 5B
for how to determine whether the characterized output signal
is stable/settled to predict whether the original output signal
meets the timing requirement, wherein FIG. 5A is a exem-
plary functional block diagram of the character monitor 15
in accordance with one embodiment of this disclosure and
FIG. 5B is a functional block diagram of the character
monitor 15 in accordance with another embodiment of this
disclosure. It is shown in FIG. SA that the character monitor
15 may comprise one or more delay cell 1511~1515, a
plurality of comparators 1531~1537, and an encoder 155.
The encoder 155 is electrically coupled to the plurality of
comparators 1531~1537. The comparator 1531 is directly
connected to the circuit of the characterized-path 13, and
each of the comparators 1533~1537 connects to each of the
delay cell 1511~1515. All of the comparators 1531~1537 is
connected between the input signal and the encoder 155.

The output of the circuit of the characterized-path 13 is
delayed and then compared with the expected logic (the
correct value of the characterized-path output). The delay
cell is designed to make the results the first two comparators
(1531 and 1533) match with the expected logic and the
results of the last two comparators (1535 and 1537) mis-
match with the expected logic. The encoder 155 latches the
results from the comparators 1531~1537; in general case the
4-bit result are 1100 in binary. Based on the latched data, the
encoder 155 can know the timing change of circuit of the
characterized-path 13. For example, for some reason, the
circuit of characterized-path 13 runs slower so that the
inputs to second comparator 1533 are mismatch with the
expected logic and then the latched 4-bit data is 1000. When
the characterized-path runs faster, the inputs to third com-
parator 1535 are match with the expected logic and then the
latched 4-bit data is 1110.

For example, each of comparators 1511~1515 has a path
delay as long as 0.1 nanosecond (ns). If all of the four
comparing signals are determined by the encoder 155 to be
correct as predicted, it means the characterized output signal
is stable and correct, and the original output signal will be
settled before the next positive edge of the clock signal. If
the comparing signal from the comparator 1537 is incorrect
but other comparing signals are correct, the characterized
output signal is stable at 0.3 ns before the negative edge of
the clock signal, and the original output signal is expected to
be settled before the next positive edge of the clock signal.
If both of the comparator 1535 and comparator 1537 gen-
erate incorrect comparing signals but other comparing sig-
nals are correct, the characterized output signal is stable at
0.2 ns before the negative edge of the clock signal, and the
original output signal is expected to be settled before the
next positive edge of the clock signal. If the comparator
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1535 generates incorrect comparison signal but the other
three comparators generate correct comparison signals, the
characterized output signal is stable at 0.2 ns before the
negative edge of the clock signal, and the original output
signal is expected to be settled before the next positive edge
of'the clock signal. If all comparing signals are incorrect, the
characterized output signal is incorrect or, equivalently
speaking, not stable or settled, before the negative edge of
the clock signal, and the original output signal is expected to
be wrong at the next positive edge of the clock signal.
Briefly, the path delay of the circuit of the critical-path 11
may be predicted as depicted above, and so does the delay
of the original output signal of the whole circuit. Accord-
ingly, the control signal may be generated by the character
monitor 15 to control the character adjuster 17 to adjust the
first voltage, such as the supply voltage of the circuit of the
critical-path 11 or the body bias voltage of the circuit of the
critical-path 11.

As shown in FIG. 5B, compared with the character
monitor 15 in FIG. 5A, the character monitor 15 in FIG. 5B
has the comparator 1531 only. If the comparing signal from
the comparator 1531 is incorrect, the original output signal
is expected to be incorrect at the next positive edge of the
clock signal, and the control signal is then generated to
control the character adjuster 17 to adjust the first voltage.

In one embodiment, the aforementioned circuit of the
characterized-path 13 may be generated according to the
following process. Please refer to FIG. 6A, which is a
flowchart of the method for generating the circuit of the
characterized-path 13 in accordance with one embodiment
of'this disclosure. As depicted in step S610, a combinational
logic circuit is analyzed by a processor or a computer and a
circuit of a critical-path in the combinational logic circuit is
found. As depicted in step S620, a characterization process
is performed for the circuit of the critical-path by the
processor or the computer to select a portion of the logic
units in the circuit of the critical-path to derive a corre-
sponding circuit of the characterized-path. At least one
second characteristic of the circuit of the characterized-path
is essentially proportional to at least one first characteristic
of the circuit of the critical-path. The circuit of the charac-
terized-path is applied to predict whether the first charac-
teristic, such as the original path delay of the circuit of the
critical-path, the original power consumption of the circuit
of the critical-path, the original power efficiency of the
circuit of the critical-path, the original complexity of the
logic units of the circuit of the critical-path, and the original
noise margin of the circuit of the critical-path, meets the
circuit requirement.

In one embodiment, please refer to FIG. 6B to understand
the detail about the step S620, wherein FIG. 6B is a
flowchart of the step S620 in accordance with one embodi-
ment of this disclosure. As depicted in step S621, the
processor may select a portion of logic units from the
plurality of logic units of the circuit of the critical-path to
derive a first characterized circuit according to a selection
rule. As depicted in step S623, the processor performs a
timing check process for the first characterized circuit. As
depicted in step S625, the processor may perform a unit
delay correction process for each logic unit in the first
characterized circuit to derive a second characterized circuit.
As depicted in step S627, the processor performs the timing
check process for the second characterized circuit. As
depicted in step S629, the processor may perform a path
delay correction process for the second characterized circuit
to derive the circuit of the characterized-path.
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In one embodiment, please refer to FIG. 6C for under-
standing the detail process about the step S621, wherein
FIG. 6C is a flowchart of the step S621 in accordance with
one embodiment of this disclosure. In the step S621, the
processor performs the process as shown in FIG. 6C for each
logic unit among the plurality of logic units in the circuit of
the original critical-path. Briefly speaking, assume that M
logic units with longer path delay belong to a first category
of logic units and N logic units with shorter path delay
belong to a second category of logic units. M and N are
positive integers. The first category of logic unit is the logic
unit with high priority, while the second category of logic
unit is the logic unit with low priority.

As depicted in step S6211, the processor determines
whether the logic unit is a logic unit with high priority
according to a priority list. If the logic unit is a logic unit
with high priority, as depicted in step S6212, the processor
determines whether the logic unit is the (mK+1)* logic unit
among the same type of logic units, wherein m is a non-
negative integer not larger than M/K. For example, if K is
four and the first type logic unit is the NAND gate, the 1%
NAND gate, the 5” NAND gate, the 9 NAND gate, . . . and
the (4m+1)” NAND gate pass the judgment and other
NAND gates fail to pass the judgment. If the logic unit
passes the judgment, as depicted in step S6213, the proces-
sor put the logic unit into a first characterized circuit. In
other words, P first type logic units among the plurality of
first type logic units are selected and put into the first
characterized circuit, wherein P is a minimum positive
integer not less than M/K.

Ifthe logic unit fails to pass the judgment of the step 6211,
as shown in step S6214, the processor may determine
whether the logic unit is the (nK)” logic unit among the
same type of logic units in the critical-path circuit, wherein
n is a positive integer not greater than N/K. If K is equal to
four and the second type logic unit is NOT gate, the 4” NOT
gate, the 8 NOT gate . . . and the (4n)” NOT gate can pass
the judgment but other NOT gates cannot pass the judgment.
If the logic unit passes the judgment, the processor put the
logic unit into the first characterized circuit as depicted in
step S6213. If the logic unit fails to pass the judgment, as
depicted in step S6215, the logic unit is put into a backup
unit store. In other words, Q second type logic units among
the plurality of second type logic units are selected and put
into the first characterized circuit, wherein Q is a maximum
positive integer not greater than N/K. As brief, the processor
selects the logic unit(s) according to a selection rule com-
prising the path delay parameter K and the priority list.

In other embodiments, the selection rule may comprise a
power consumption parameter and a priority list when the
purpose of performing the characterization process is to
generate a circuit of characterized-path indicating the power
consumption of the circuit of critical-path. In such case, the
power consumption parameter is for defining a ratio between
the power consumption of the circuit of critical-path and the
power consumption of the circuit of characterized-path, and
the logic unit in the priority list doesn’t have to be the logic
unit with longer path delay but the logic unit with more
power dissipation.

In one embodiment, the logic units in the circuit of
critical-path can be classified as more than two categories.
Specifically, the logic units can be classified as a logic unit
of the first priority, a logic unit of the second priority . . .,
and a logic unit of the M priority. In such embodiment, the
amount of the logic unit of the first priority in the circuit of
the characterized-path is no less than the amount of the logic
unit of the second priority in the circuit of the characterized-
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path. With the same manner, the amount of the logic unit of
the (M-1)* priority in the circuit of the characterized-path is
no less than the amount of the logic unit of the M? priority
in the circuit of the characterized-path. As such, the circuit
of the characterized critical path may better describe the
effect of the logic units with higher priority, which mainly
affects the original path delay of the critical-path circuit.

In one embodiment, please refer to FIG. 6D for under-
standing the detail process of the step S625, wherein FIG.
6D is a flowchart of the step S625 in accordance with one
embodiment of this disclosure. In the present embodiment,
the processor performs the process as illustrated in FIG. 6D
for each logic unit in the first characterized circuit. As
depicted in step S6251, the processor determines whether
the unit delay of the logic unit is greater than a target delay,
which is a standard unit delay. If the unit delay of the logic
unit is less than the target delay, as depicted in step S6252,
the processor performs a unit delay prolonging process for
the logic unit. If the unit delay of the logic unit is greater than
the target delay, as depicted in step S6253, the processor
performs a unit delay shortening process for the logic unit.
If the unit delay of the logic unit is equal to the target delay,
as depicted in step S6254, the processor determines whether
the logic unit is the last logic unit of the first characterized
circuit. If the logic is not the last logic unit of the first
characterized circuit, the processor goes back to the step
S6251 to perform the flow for the next logic unit. If the logic
unit is the last logic unit of the first characterized circuit, as
depicted in step S6255, the processor determines whether
the adjusted first characterized circuit passes the timing
check process. If the first characterized circuit cannot pass
the timing check process, as depicted in step S6256, the
processor determines whether a repeating counter related to
the process of the step S625 is equal to an upper limit. If the
repeating counter is not equal to the upper limit, the pro-
cessor goes back to the step S6251 to repeat the flow for the
logic unit. Otherwise, as depicted in step S6257, the pro-
cessor takes the adjusted first characterized circuit as the
second characterized circuit.

The aforementioned unit delay prolonging process may
comprise decreasing the size of a logic unit to decrease the
driving ability of the logic unit, adding an additional loading
capacitor and/or increasing the size of the next logic unit so
as to increase the loading of the logic unit. The aforemen-
tioned unit delay shortening process may comprise increas-
ing the size of a logic unit to increase the driving ability of
the logic unit, removing the loading capacitor and/or
decreasing the size of the next logic unit to decrease the
loading of the logic unit.

In one embodiment, please refer to FIG. 6E for under-
standing the detail process of the step S629, wherein FIG. 6E
is a flowchart of the step S629 in accordance with one
embodiment of this disclosure. As depicted in step S6291,
the processor compares the path delay of the second char-
acterized circuit with a preset path delay. The preset path
delay is the characterized-path delay determined according
to the original path delay and the path delay parameter.

If the path delay of the second characterized circuit is less
than the preset path delay, as depicted in step S6292, the
processor selects a logic unit from the backup unit store, and,
as depicted in step S6293, the processor adds the selected
logic unit to the end of the second characterized circuit so as
to prolong the path delay of the second characterized circuit.
Then, as depicted in step S6294, the processor adjusts the
unit delay of the added logic unit according to the preset path
delay and the path delay of the second characterized circuit
so as to make the path delay of the second characterized
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circuit equal to the preset path delay. Further, as depicted in
step S6295, the processor determines whether the path delay
of the adjusted second characterized circuit passes the
timing check process. If the path delay of the second
characterized circuit cannot pass the timing check process,
the processor goes back the step S6292 to repeat the process.
Also, the procedure from the step S6292 to the step S6295
may also be called as a path delay prolonging process.

If the path delay of the second characterized circuit is
larger than the preset path delay, as depicted in step S6296,
the processor remove one logic unit from the second char-
acterized circuit according to the unit statistic data, and, as
depicted in step S6297, the processor adjusts the unit delay
of each logic unit adjacent to the removed logic unit in the
second characterized circuit. The method for adjusting the
unit delay is illustrated as the unit delay prolonging process
or the unit delay shortening process. Then, as depicted in
step S6298, the processor determines whether the path delay
of the adjusted second characterized circuit passes the
timing check process. If the path delay of the adjusted
second characterized circuit cannot pass the timing check
process, the processor goes back to the step S6296. The
procedure from the step S6296 to the step S6298 can be
called as a path delay shortening process. After the path
delay prolonging process or the path delay shortening pro-
cess is performed, as depicted in step S6299, the processor
takes the adjusted second characterized circuit as the circuit
of the characterized-path.

Please now refer to FIG. 7, which is a flowchart of the
control method of the dynamically adjustable circuit in
accordance with one embodiment of this disclosure. As
depicted in step S710, the character monitor 15 predict
whether the original output signal of the circuit of the
critical-path 11 will be incorrect or fail to be settled before
the next positive edge of the clock signal. If the original
output signal is predicted to be incorrect, as depicted in step
S720, the character monitor 15 controls the character
adjuster 17 to adjust, that is, to increase, the first voltage so
as to decrease/shorten the path delay of the circuit of the
critical-path 11 in the present cycle of the clock signal.
Otherwise, as depicted in step S730, the character monitor
15 controls the character adjuster 17 to adjust, that is, to
decrease, the first voltage so as to increase the path delay of
the circuit of the critical-path 11 and decrease the power
dissipation of the circuit of the critical-path 11 in the next
cycle of the clock signal. In one embodiment, the operation
of frequently increasing/decreasing the voltage may con-
sume more power, so, in the step S730, it is not necessary to
decrease the first voltage in the next cycle of the clock
signal. In other words, it is not necessary to adjust the first
voltage each cycle of the clock signal.

According to the method disclosed in one or more
embodiments of this disclosure, a circuit of the character-
ized-path corresponding to a circuit of the critical-path may
be generated. The circuit of the characterized-path is essen-
tially proportional or similar to the circuit of the critical-path
in certain characteristics or properties, so the circuit of the
characterized-path can be used for indicating certain char-
acteristics or properties of the critical-path circuit. Hence,
whether the circuit of the critical-path meets the circuit
requirement can be determined, predicted, adjusted, and
controlled according to the circuit of the characterized-path.
According to another embodiments of this disclosure, the
integrated circuit adjusts the supply voltages, the body
reference voltages, and/or the threshold voltages to make the
circuit operate with constant operating frequency or to lower
power consumption.
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It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed
embodiments. It is intended that the specification and
examples be considered as exemplary only, with a true scope
of'the disclosure being indicated by the following claims and
their equivalents.

What is claimed is:

1. An integrated circuit, comprising:

at least one first circuit having a first character and at least

one external control signal; and

a character control unit controlling the at least one of the

external control signal, the character control unit com-

prises:

a second circuit with a second character that is essen-
tially proportional to but not equal to the first char-
acter;

a character adjuster adjusting the at least one external
control signal; and

a character monitor monitoring an operating behavior
of the second circuit to control the character adjuster
to adjust the at least one external control signal.

2. The integrated circuit according to claim 1, wherein the
character adjuster adjusts the at least one external control
signal of the first circuit to make the at least one first circuit
operate with a constant operating frequency or to lower a
power consumption of the first circuit.

3. The integrated circuit according to claim 2, wherein the
character adjuster includes at least two supply voltages, at
least two body reference voltages, and/or at least two
threshold voltages, and the character adjuster adjusts at least
one of the supply voltages, the body reference voltages,
and/or the threshold voltages of the first circuit based on an
adjusting signal generated by the character monitor.

4. A method, comprising:

providing a first circuit;

analyzing a first character associated with the first circuit,

comprising:

selecting a first circuit from an integrated circuit as a
circuit of critical-path which comprises a first plu-
rality of logic gates; and
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performing a characterization process on the circuit of
critical-path to obtain a circuit of characterized-path
which comprises a second plurality of logic gates;
and

generating a second circuit with a second character essen-

tially proportional to but not equal to the first character;
wherein at least one second character of the circuit of
characterized-path is essentially proportional to at least
one first character of the circuit of critical-path, and the
circuit of characterized-path is used to represent
whether the first circuit meets a functional requirement.

5. The method according to claim 4, wherein the perform-
ing the characterization process comprises:

selecting the second plurality of logic gates based on the

first plurality of logic gates according to a selection
rule; and

forming the circuit of characterized-path with the selected

second plurality of logic gates.

6. The method according to claim 5, wherein the selection
rule comprises:

a delay parameter for defining a ratio between a path delay

of the first circuit and a path delay of the second circuit.

7. The method according to claim 5, wherein the selection
rule comprises a delay parameter for defining a ratio of cell
delays between of the cells in the first circuit and the cells
in the second circuit.

8. The method according to claim 5, wherein the selection
rule comprises a cell complexity for defining a priority of
logic gates for recording a plurality of high priority logic
units among the logic gates.

9. The method according to claim 5, wherein the selection
rule comprises a power consumption parameter for defining
a ratio between a power consumption of the first circuit and
a power consumption of the second circuit.

10. The method according to claim 5, wherein the at least
one second character is selected from the group consisting of
a path delay, a timing, a power consumption, a complexity
of the logic gates, and a noise margin.
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